














































































































































































































































































































































































































































































































Code Guideline Adoption Comments
MP1 Decompose	the	problem	into	parts
The	model	fully	adopts	this	strategy	decomposing	the	demand	in
individual	units,	computing	individual	water	consumption	to	combine
them	afterwards.
MP2 Structure	problems	that	involve	causalchains
The	model	is	structured	in	submodels	that	evolve	and	some	are
influenced	by	the	results	of	others
MP3 Consider	whether	the	events	or	series	canbe	forecasted
Water	forecasting	literature	that	includes	per	capita	and	per	unit
approaches,	end-use	models,	extrapolation	methods,	structural
methods	and	other	approaches	support	evidence	that	naive
benchmark	can	be	improved.	However,	the	aim	of	the	model	is	to
better	understand	the	described	phenomenon.
MP4 Use	theory	to	guide	the	search	forinformation	on	explanatory	variables
The	selection	of	the	submodels	is	based	on	previous	evidence	of
influential	aspects	in	water	demand.
The	model	uses	data	from	several	databases:	Center	of	Geographic
Information	of	the	Valladolid	City	Council,	municipal	register	of	the
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DA1 Use	diverse	sources	of	data Valladolid	City	Council,	water	supplier	databases,	etc.	However,
those	databases	complement	different	aspects	of	information	and
the	level	of	redundancy	of	data	does	not	allow	for	the	detection	of
potential	biases.
DA2
Select	simple	methods	unless	empirical
evidence	calls	for	a	more	complex
approach	&	The	method	should	provide	a
realistic	representation	of	the	situation
The	approach	followed	in	this	data-driven	model	aims	to	overcome
some	of	the	limitations	of	classical	methodologies	to	forecast	water
demand:	(1)	suboptimal	as	explanatory	tools,	(2)	ignoring
geographical	features	and	(3)	lack	of	integration	with	other
socioeconomic	aspects.	The	model	offers	a	more	realistic	(and	more
complex)	representation	of	the	domain	than	those	offered	by
previous	models.	This	makes	the	model	richer	from	an	explanatory
perspective.
SS1 Identify	possible	outcomes	prior	to	makingforecasts This	guideline	was	not	applied.
SS2 Adjust	for	events	expected	in	the	future
The	analysis	of	the	model	was	performed	through	scenario	analysis.
The	selection	of	some	scenarios	was	based	on	the	plausibility	of
assumptions,	but	it	was	also	complemented	with	more	critical,
although	not	so	realistic,	situations.
SS3 Design	test	situations	to	match	theforecasting	problem
The	statistical	model	was	parametrised	using	consumption
databases	of	the	domestic	water	supplier	company	of	the	region
(1997-2006).	The	empirical	data	used	to	calibrate	the	model
corresponds	to	the	first	quarter	of	2006;	running	the	model	from	that
point	onwards,	the	output	of	the	model	is	compatible	with	the
empirical	data	corresponding	to	the	following	two	quarters.	However,
the	analysis	horizon	used	in	the	model	is	roughly	ten	years,	which
involves	a	high	degree	of	uncertainty	in	several	assumptions	of	the
future	scenarios.
EI1 Ask	unbiased	experts	to	rate	potentialmethods
The	model	extends	and	refines	a	previous	model	designed	and
validated	with	a	stakeholders'	platform.	Notwithstanding,	the	specific
metropolitan	area	of	application	is	different	and	also	the	level	of
detail.	Modelling	assumptions	were	only	assessed	by	supplier
companies	and	not	by	a	broader	panel	of	domain	experts	actively
involved	during	the	process	of	modelling	feedback.
EI2
Test	the	client's	understanding	of	the
methods	&	Obtain	decision	makers'
agreement	on	methods
The	model	was	presented	and	analysed	together	with	the	regional
supplier	company.	The	results	were	internally	compared	with	other
traditionally	used	forecasting	methodologies.
EI3 Establish	a	formal	review	process	toensure	that	forecasts	are	used	properly
Apart	from	some	meetings	and	presentations,	no	formal	review
process	was	established.
V1 Specify	criteria	for	evaluating	methods	priorto	analysing	data
Following	Windrum,	in	this	model	the	nature	of	object	under	study	is
qualitative;	the	goal	of	analysis	is	explorative;	and	the	modelling
assumptions	such	as	the	size	of	space	and	the	treatment	of	time	are
justified	by	the	available	data.	Sensitivity	analysis	has	been
performed	for	several	parameters	but	not	for	all	possible
combinations.	Validation	has	been	conducted	by	modellers.
Structural	validation	has	been	based	on	previous	validated	models
and	the	validation	of	outputs	generated	by	the	model	has	been	done
through	cross-validation	using	the	following	two	time	steps	in	the
data	used	for	calibration.
V2 Use	objective	tests	of	assumptions
In	the	model	there	are	several	assumptions	that	have	not	been
analysed	by	quantitative	tests.	Just	to	mention	one,	parameters	of
the	behaviour	diffusion	model	have	been	taken	from	data	from	a
different	region.	Thus,	the	ABM	empirical	grounding	could	have	been
improved.
V3 Establish	a	formal	review	process	forforecasting	methods
The	model	is	completely	specified	and	includes	flowcharts,	pseudo-
code,	etc.	However,	it	does	not	follow	a	standard	documentation
method	such	as	ODD,	which	would	have	facilitated	communication
and	replication.
A1 Assess	acceptability	and	understandabilityof	methods	to	users
The	model	is	developed	with	RePast,	one	of	the	most	known
platforms	in	social	simulation	and	agent-based	modelling.	However,
its	comprehension	does	require	programming	knowledge,	and	its
communication	does	not	follow	a	standard	documentation	method
such	as	ODD.
Limitations	are	discussed,	and	hypotheses,	data	sources	and
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A2 Describe	potential	biases	of	forecasters funding	sources	are	commented	in	the	article.	However,	it	does	not
show	an	in-depth	analysis	of	the	possible	biases	the	modellers	could
have	incurred.
A3 Replicate	forecast	evaluations	to	assesstheir	reliability As	far	as	we	know	the	model	has	not	been	replicated.
A4
Use	extensions	of	evaluations	to	better
generalise	about	what	methods	are	best	for
what	situations
The	model	presents	several	extensions	and	alternative	submodels
that	enhance	the	robustness	and	the	scope	of	the	results.	Thus,	two
alternative	opinion	diffusion	models	and	two	technological	diffusion
models	are	analysed.
A5 Compare	track	records	of	variousforecasting	methods
The	model	has	not	been	compared	with	other	agent-based	models.
Traditional	methodologies	do	not	geolocalizate	water	demand	and
comparison	can	only	be	done	in	an	aggregated	way.
:	Guideline	followed	
:	Guideline	followed	partially	
:	Guideline	not	followed	
	Concluding	Remarks
6.1 	The	aim	of	this	paper	has	been	to	identify	those	lessons	from	the	forecasting	field	that	can	be	useful	to	the	ABM	community	in	order	to
improve	the	models	from	a	prediction	perspective.	Many	of	the	guidelines	proposed	are	already	used	in	computational	simulation	and
some	others	are	being	integrated	step	by	step	in	the	methodological	core	used	by	ABM	practitioners.	Notwithstanding,	we	should	not
forget	the	intrinsic	difficulties	that	ABM	often	faces	to	deal	with	precise	predictions.
6.2 	First,	the	mere	selection	of	ABM	as	modelling	approach	to	face	a	problem	gives	us	a	hint	about	some	degree	of	explanatory	goal.	To
follow	Coleman's	bathtub	(Fig.	1)	framework	constraints	the	use	of	very	powerful	mechanisms	such	us	some	statistical	analysis	or
machine	learning	tools	to	identify	patterns	based	on	correlated	data.	Searching	the	causal	mechanism,	an	explicative	prediction,
prediction	with	theory	at	the	individual	level,	may	come	at	a	price	in	terms	of	forecasting	capabilities.	In	the	heart	of	Social	Sciences,
ABM	has	been	identified	as	a	methodology	suitable	to	provide	mechanism	explanations	(Machamer	et	al.,	2000;	Elsenbroich	2012).
This	does	not	mean	that	forecasting	cannot	be	also	achieved,	but	it	may	be	more	difficult.
6.3 	Second,	it	is	important	to	notice	that	the	level	of	prediction	of	the	model	depends	on	the	questions	that	are	going	to	be	analysed	with
the	model.	Even	in	cases	where	ABM	works	reasonably	well	in	terms	of	forecasting	of	aggregated	variables,	the	same	model	may	not
be	able	to	offer	satisfactory	results	at	the	individual	level.	The	social	sciences	adoption	of	many	of	the	mathematical	techniques	and
principles	of	statistical	mechanics	is	based	on	the	capacity	to	attenuate	the	fluctuations	individually	generated	by	the	agents	when	the
scale	of	the	population	grows.	ABM	can	provide	complete	simulated	stories	of	each	individual	that,	being	each	one	of	them	false	(or
inaccurate),	are	at	the	same	time	offering	a	somehow-real	story	as	a	whole.	On	the	other	hand,	an	agent-based	model	can	provide	a
good	representation	of	a	complex	system	in	terms	of	the	first	and	second	levels	of	prediction,	while	being	unable	to	offer	accurate
forecasts	at	the	third	level.
6.4 	Even	more	important,	there	are	additional	problems	involved	in	making	predictions	in	complex	systems,	where	many	of	the	processes
are	modelled	stochastically.	One	simulation	would	just	indicate	how	the	model	can	behave,	but	many	simulations	are	required	to
determine	how	the	model	usually	behaves.	And	even	in	some	cases	where	path-dependency	and	bifurcations	govern	the	dynamics,
average	behaviour	may	be	not	representative	of	the	behaviour	of	the	model.	In	those	contexts	a	prediction	should	be	understood	as	a
probability	function	associated	with	the	solution	space.	To	know	if	a	model	predicts	properly,	that	function	should	be	compared	with
the	frequency	of	occurrence	of	events	under	the	same	assumptions.	However,	complex	systems	usually	present	features	such	as
stochastic	behaviour,	non-ergodicity	and	structural	changes	over	time.	As	a	result,	only	one	event	can	be	observed	under	the	same
assumptions,	which	makes	it	difficult	to	compare	the	observation	and	the	forecast,	or,	in	other	words,	to	distinguish	if	the	forecast
comes	from	a	valid	representation	of	the	system	or	not.
6.5 	Notwithstanding,	difficulties	in	forecasting	are	not	an	excuse	for	not	introducing	best-practices	from	other	disciplines	in	ABM.	On	the
contrary,	they	should	motivate	researchers	and	practitioners	to	make	an	extra	effort	to	make	them	possible.	The	ABM	community
should	carry	on	applying	rigour	to	understand	''how''	phenomena	occur,	and	complex	systems	sciences	in	general	and	ABM	in
particular	are	leading	many	advances.	However,	we	should	also	incorporate	guidelines	provided	by	the	methodologies	specialised	in
answering	to	''what''.
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Notes
1
SIMSOC	is	a	mailing	list	for	the	Social	Simulation	field.
2
Thread	'[SIMSOC]	any	correct	policy	impact	forecasts?',	April	2009
3
Thread	'[SIMSOC]	what	is	the	point?',	June	2009
4
The	numeration	of	the	Principles	of	Forecasting	handbook	is	included	for	direct	matching,	as	(g.X.Y).	Guidelines	titles	are	taken
directly	from	this	handbook,	which	may	cause	to	refer	sometimes	to	an	ambiguous	word,	''methods''.	In	this	context,	''methods"
usually	refer	to	internal	mechanisms	in	ABM,	except	when	otherwise	noted	(this	is	always	specified	when	it	is	not	clear	enough).
Each	guideline	explanation	(and	references)	is	particularised	to	the	ABM	field.
5
In	Economics	and	other	Social	Sciences,	a	stylised	fact	is	a	simplified	presentation	of	an	empirical	finding.	That	is,	a	stylised	fact	is
often	a	broad	generalization	that	summarizes	some	complicated	statistical	calculations,	which	although	essentially	true	may	have
inaccuracies	in	the	detail	(Cooley,	1995).
6
In	this	guideline,	''methods''	refer	to	the	agent-based	models	under	evaluation.
7
The	''objective''	term	is	not	very	appropriate,	as	there	would	not	be	any	100%	objective	test.	It	refers,	from	a	positivist	approach,	to
the	quantitative	(''objective'')	and	qualitative	(''subjective'')	tests.	For	the	quantitative	field	of	Forecasting,	when	the	aim	is	accurate
prediction,	quantiative	tests	are	needed.	Regardless	of	the	misappropriate	name,	the	title	of	the	guidelines	has	been	respected,	as
before.
8
Stylised	facts	are	defined	in	guideline	MP3.
9
In	this	guideline,	''methods''	refer	to	the	agent-based	models	under	review.
10
The	ODD	protocol	organises	the	documentation	of	an	agent-based	model	around	three	main	components:	Overview,	Design
concepts,	and	Details.	These	components	encompass	seven	subelements	that	must	be	documented	in	sufficient	depth	for	the
model's	purpose	and	design	to	be	clear	and	replicable	for	a	third	party:	Purpose,	State	Variables	and	Scales,	Process	Overview	and
Scheduling,	Design	Concepts,	Initialization,	Input,	and	Submodels.
11
In	this	guideline,	''methods''	refer	to	the	agent-based	models.
12
The	ODD	protocol	is	defined	in	the	guideline	V3.
13
In	this	guideline,	''methods''	refer	to	the	agent-based	model	internal	mechanisms.
14
In	this	guideline,	''methods''	refer	to	the	different	agent-based	models	to	be	compared	with	each	other.
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